Abstract: Chalcones, flavanones, and flavonols, including 8-methoxybutin isolated from Coreopsis lanceolata L. petals, were successfully synthesized with total yields of 2-59% from O-methylpyrogallols using the Horner-Wadsworth-Emmons reaction as a key reaction. Aurones, including leptosidin, were also successfully synthesized with 5-36% total yields using the Aldol condensation reaction as a key reaction. Each chalcone, flavanone, flavonol, and aurone with the 3,4-dihydroxy groups in the B-ring showed high antioxidant activity. Additionally, each of the chalcones, flavanones, flavonols, and aurones with the 2,4-dihydroxy groups in the B-ring showed an excellent whitening ability.
Introduction
Coreopsis lanceolata L. is a plant native to North America with a yellow flower that blooms from May to June in Japan. We previously reported the isolation and physiological activities of lanceolin (3,4,2 ,4 -tetrahydroxy-3 -methoxychalcone-4 -glucoside), 8-methoxybutin (7,3 ,4 -trihydroxy-8-methoxyflavanone) , and leptosidin (6,3 ,4 -trihydroxy-7-methoxyaurone) from C. lanceolata L. petals as shown in Figure 1 [1, 2] . Koketsu et al. reported the isolation of lanceoletin (3,4,2 ,4 -tetrahydroxy-3 -methoxychalcone), okanin (3,4,2 ,3 ,4 -pentahydroxychalcone), 4-methoxylanceoletin (3,2 ,4 -trihydroxy-4,3 -dimethoxychalcone), 8-methoxybutin, leptosidin, and leptosin (6,3 ,4 -trihydroxy-7-methoxyaurone-6-glucoside) from C. lanceolata L., and the antileukemic activity of 4-methoxylanceoletin [3] . In this paper, we report the synthesis of the several kinds of flavonoids including C. lanceolata L. petals and their analogs, and the relationship between structure and physiological activities. 
Results and Discussion

Flavonoids Synthesis
The process used to synthesize the chalcones, flavanones, and flavonols is shown in Scheme 1. The protection of 1a,b with chloromethyl methyl ether (MOMCl) produced compound 2a,b. The 
Antioxidant and Tyrosinase Inhibitory Activity of the Synthesized Flavonoids
Next, the physiological activities of these synthesized compounds were investigated. The antioxidant activity and whitening effect were assessed based on the 2,2-diphenyl-1-picrylhydrazyl 
Reagents and conditions: (1) MOMCl, NaH, DMF, 0 ºC to r.t.; (2) n BuLi, ClCO 2 Et, THF, -70 ºC to r.t.; (3) LDA, CH 3 P(O)(OMe) 2 , THF, -70 ºC to r.t.; (4) DBU, ArCHO 5a-f, THF, r.t.; (5) 3M HCl, THF, reflux; (6) KF, MeOH, reflux; (7) 1.5M HCl, THF, r.t.; (8) the basis of their 1 H-NMR and 13 C-NMR spectral data. The 1 H-NMR spectrum of 14a showed a signal for an olefinic proton at δ 6.84 (s). The olefinic carbon was observed at δ 112.16. According to the 13 C-NMR study of the aurones, a signal for the olefinic carbon of the Z-isomer was observed at about 110 ppm, whereas that of E-isomer was observed at about 120 ppm [7] . Therefore, the structures of 14a-l were classified as the (Z)-form. Finally, the deprotection of the MOM group of 14a-k with 3 M HCl produced compounds 15a-k with 51-97% yields.
Scheme 1. Synthesis of chalcones 7a-l, flavanones 8a-l, and flavonols 11a-l.
Scheme 2. Synthesis of aurones 15a-k.
Reagents and conditions: (1) MOMCl, NaH, DMF, 0 ºC to r.t.; (2) n BuLi, ClCO 2 Et, THF, -70 ºC to r.t.; (3) LDA, CH 3 P(O)(OMe) 2 , THF, -70 ºC to r.t.; (4) DBU, ArCHO 5a-f, THF, r.t.; (5) 3M HCl, THF, reflux; (6) KF, MeOH, reflux; (7) 1.5M HCl, THF, r.t.; (8) 
Next, the physiological activities of these synthesized compounds were investigated. The antioxidant activity and whitening effect were assessed based on the 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging assay [8] and tyrosinase inhibition assay [9] , respectively. The results are summarized in Tables 1 and 3 -4. The antioxidant activity was evaluated based on the scavenging rate of the DPPH radical under the condition where the final concentration of the samples and DPPH radical were prepared at 0.040 mM and 0.040 mM, respectively. A correlation was found between the physiological activity and 
Materials and Methods
General Methods
1 H-NMR and 13 C-NMR spectra were obtained on a JEOL JNM-EX400 (Tokyo, Japan) spectrometer in CDCl 3 , CD 3 OD, or dimethyl sulfoxide (DMSO)-d 6 operating at 400 MHz and 100 MHz, respectively, with Me 4 Si as the internal standard. The absorbance was measured with a microplate reader Corona MTP-300 (Tokyo, Japan). The absorbance was recorded in the 200-600 nm range at room temperature with Jasco V630 (Tokyo, Japan). The mass spectra were obtained on a Shimadzu gas chromatograph mass spectrometer (GCMS)-QP5000 (Kyoto, Japan) with a column temperature of 240 • C, injection temperature of 200 • C, and interface temperature of 230 • C, with He as the carrier gas at a flow rate of 1.3 mL/min. Tetrahydrofuran (THF) was purified by distillation over benzophenone ketyl under an argon atmosphere before use. The melting points were measured in open capillary tubes and were uncorrected.
The General Procedure for the Protection of 2-O-Methylpyrogallol 1a,b with Chloromethyl Methyl Ether
A solution of 1a,b (100.0 mmol) in N,N-dimethylformamide (DMF) (50 mL) was added to a suspension of sodium hydride (60% in mineral oil, 9.60 g, 240.0 mmol or 4.80 g, 120.0 mmol) in DMF (150 mL) at 0 • C. After being stirred at room temperature for 30 min, chloromethyl methyl ether (15.2 mL, 200.0 mmol or 11.4 mL, 150.0 mmol) was added to the mixture at 0 • C. After being stirred at room temperature for 6 h, 100 mL Et 2 O was added to the mixture. The reaction mixture was poured into ice water (400 mL). The mixture was extracted with Et 2 O. The organic layer was washed with water and brine and dried over anhydrous MgSO 4 . The solvent was evaporated in vacuo and the residue was chromatographed on silica gel with CHCl 3 -Et 2 O (9:1) to produce 2a,b. (2a) 
2-Methoxy-1,3-di(methoxymethoxy)benzene
The General Procedure for the Synthesis of Chalcones 6a-l
A solution of benzaldehydes 5a-f (1.2 mmol) in THF (1 mL) was added to a solution of 4a,b (1.0 mmol) and DBU (0.30 g, 2.0 mmol) in THF (4 mL) at room temperature. The reaction mixture was poured into an ice-saturated ammonium chloride aqueous solution and extracted with Et 2 O. The organic layer was washed with water and brine and dried over anhydrous MgSO 4 . The solvent was evaporated in vacuo and the residue was chromatographed on a preparative thin layer chromatography (hexane:EtOAc = 3:2) to produce chalcones 6a-l.
3 -Methoxy-4,2 ,4 -tri(methoxymethoxy)chalcone (6a) CDCl 3 ) δ 56.1, 56.2, 57.7, 61.0, 94.1, 100.1, 107.4, 116.3, 124.8,  125.5, 127.8, 128.7, 129.9, 141.7, 142.8, 150.0, 156.4, 158.8, 190.8. 3 ,4 -Dimethoxy-3,4,2 -tri(methoxymethoxy)chalcone (6h): (0.35 g, 0.79 mmol, 79% yield); 1 H-NMR (CDCl 3 ) δ 3.46 (s, 3H, OCH 3 ), 3.52 (s, 3H, OCH 3 ), 3.54 (s, 3H, OCH 3 ), 3.91 (s, 3H, OCH 3 
The General Procedure for the Deprotection of 6a-l
A solution of 6a-l (1.0 mmol) in methanol (5 mL) and 3 M hydrochloric acid (5 mL) was refluxed for 1 h. The mixture was extracted with EtOAc. The organic layer was washed with water and brine and dried over anhydrous MgSO 4 . The solvent was evaporated in vacuo and the residue was chromatographed on preparative thin layer chromatography (hexane:EtOAc = 2:3) to produce aurones 7a-l. 1) δ 60.3, 107.4, 114.0, 115.9, 116.4, 125.7, 125.7, 130.2, 134.6,  144.3, 156.2, 158.3, 159.9 
The General Procedure for the Protection of 13a with a Chloromethyl Methyl Ether
A solution of 13a (0.90 g, 5.0 mmol) in DMF (5 mL) was added to a suspension of sodium hydride (60% in mineral oil, 0.24 g, 6.0 mmol) in DMF (15 mL) at 0 • C. After being stirred at room temperature for 30 min, a chloromethyl methyl ether (0.57 mL, 7.5 mmol) was added to the mixture at 0 • C. After being stirred at room temperature for 6 h, Et 2 O (20 mL) was added to the mixture. The reaction mixture was poured into ice water (200 mL). The mixture was extracted with Et 2 O. The organic layer was washed with water and brine and dried over anhydrous MgSO 4 . The solvent was evaporated in vacuo and the residue was chromatographed on silica gel with CHCl 3 -Et 2 O (9:1) to produce 13c. 3.14. The General Procedure for the Synthesis of Aurones 14a-l Aluminum oxide (basic, 2.00 g, 19.6 mmol) was added to a solution of benzofuranones 13b,c (1.0 mmol) and benzaldehydes 5a-f (1.2 mmol) in dichloromethane (5 mL). The mixture was thoroughly stirred for 2 days at room temperature. The suspension was filtered off and the residue was washed with CHCl 3 . The filtrate was concentrated in vacuo and the residue was chromatographed on a preparative thin layer chromatography (CHCl 3 :Et 2 O = 9:1) to produce (Z)-aurones 14a-l. 
The DPPH Radical Scavenging Assay
The measurement of the 2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging effect was performed according to the established procedure [8] . Sample compounds were dissolved in ethanol to obtain a 0.1 mM concentration. The DPPH free radical was dissolved in ethanol to obtain a concentration of 0.2 mM. The ethanol (100 µL) and DPPH solutions (50 µL) were added to a sample solution (100 µL) on a 96-well transparent microplate. The mix solution was mixed on a plate-mixer for 1 min. The mix solution was allowed to stand at 25 • C for 30 min in the dark, followed by measuring the absorbance with a microplate reader at 517 nm. The sample blank test (B) was performed with ethanol instead of the sample solution using a similar procedure. The blank test of the sample (C) was performed similarly, with ethanol instead of the DPPH solution. The blank test of the sample blank (D) was performed similarly, but with ethanol instead of the sample and DPPH solution. The DPPH radical scavenging rate was calculated as follows: where A is the absorbance of the sample, B is the absorbance of the sample blank, C is the absorbance of the blank of the sample, and D is the absorbance of the blank of the sample blank.
Tyrosinase Activity Inhibition Assay
The Tyrosinase activity was determined using the dopachrome method with L-3-(3,4-dihydroxyphenyl) alanine (L-DOPA) as the substrate [9] . Sample compounds were dissolved in DMSO to obtain a concentration of 3.0 mM. L-DOPA was dissolved in a 0.2 M phosphate buffer solution (PBS, pH 6.8) to obtain a concentration of 1.66 mM. The enzyme tyrosinase from mushrooms was dissolved in PBS to obtain a concentration of 600 units/mL. The sample solution (10 µL) was added to a L-DOPA solution (280 µL) on a 96-well transparent microplate. The mix solution was mixed on a plate-mixer for 1 min. The mix solution was left to stand at 25 • C for 5 min. The tyrosinase solution (10 µL) was added to the mixture and the mixture was incubated at 25 • C for 10 min, followed by measuring the absorbance with a microplate reader at 475 nm. The sample blank test (B) was performed with DMSO instead of the sample solution with similar procedure. The blank test of sample (C) was similarly performed with PBS instead of the enzyme solution. The blank test of the sample blank (D) was similarly performed with the DMSO and PBS instead of the sample and enzyme solutions, respectively. The percentage inhibition of tyrosinase activity was calculated as follows. 
where A is the absorbance of the sample, B is the absorbance of the sample blank, C is the absorbance of the blank of the sample, and D is the absorbance of the blank of the sample blank.
Conclusions
In this study, chalcones, flavanones, and flavonols were easily synthesized, including 8-methoxybutin, which is a naturally occurring product from Coreopsis lanceolata L., using the HWE reaction as the key reaction in five to seven steps with overall yields of 18-59%, 13-53%, and 2-21% from O-methylpyrogallol 4a,b, respectively. The synthesis of aurones including leptosidin was achieved in four to five steps with overall yields of 5-36% from 4a,b using the aldol condensation reaction as a key reaction.
We found a correlation between the physiological activity and structures of the A-and B-rings of chalcone, flavanone, flavonol, and aurone. Each of chalcones 7b,h; flavanones 8b,h; flavonols 11b,h; and aurones 15b,h with the 3,4-dihydroxy groups on the B-ring had high antioxidant activity. The antioxidant activity in decreasing order was flavonol, chalcone, aurone, and flavanone.
The chalcones 7c,i and aurones 15c,i bearing the 2,4-dihydroxy groups on the B-ring had a high inhibitory activity potential. The whitening effect in decreasing order was chalcone, aurone, flavonol, and flavanone. 
